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摘  要 
摘  要 
光敏核不育水稻(Oryza sativa L. japonica)是一种花药育性受光照调控的特
殊水稻种质，长日照条件下花粉不育，短日照条件下花粉可育，能一系两用，简
化了三系杂交水稻的生产程序，具有重要的育种实用价值与光调节的雄性不育机




































摘  要 
吸收利用绒毡层所分泌的营养物质，因而直到开花时，不育花药的中层和绒毡层
细胞仍保留。 








































摘  要 
 3
些钙颗粒分布。 











































Photoperiod-sensitive genic male-sterile rice (PGMR) is a special rice, the anther 
fertility of which is controlled by daylength. Pollen is sterile when plants are 
illuminated using long daylength and fertile under conditions of short daylength. The 
innovation of PGMR effectively converts hybrid rice from three lines (maintainer, 
sterile and restorer lines) into two lines (daylength-dependent sterile and maintainer 
lines, and the restorer line). This innovation has great potential application in hybrid 
rice breeding and has great values in exploring the mechanism of photoperiod- 
regulated male-sterility. In this study, the anthers of PGMR Nongken 58s (Oryza 
sativa L. japonica cv. NongKeng 58s, PGMR) were chosen as the materials. Using 
cytochemical, calcium-potassium antimonite depositional and ATPase-lead nitrate 
depositional methods, the distribution of polysaccharides and lipids, calcium ions and 
ATP enzyme were studied systematically during the development of fertile and sterile 
anthers in PGMR, in order to explore the transformational mechanism of fertility 
regulated by photoperiod in PGMR. The main results were as follows:  
Ⅰ The cytochemical observation in anthers of PGMR 
Using histochemical method to compare the dynamic distribution of 
polysaccharides and lipids during the development of fertile and sterile anthers in 
PGMR, we found that, both of polysaccharide and lipid droplets of fertile and sterile 
anthers were little at the sporogenous period and mother cell stage, there were no 
significant differences between fertile and sterile anthers. At meiosis stage, 
polysaccharides of fertile anthers chamber increased, but lipid droplets still very little. 
There were little differences of the distribution of polysaccharide and lipid droplets 
between sterile and fertile anthers, however, the tetrads of sterile anthers were usually 
linear, rather than tetrahedral. Fertile anther at early microspore stage, the microspores 
began to form exine, with thick cytoplasm and small amounts of polysaccharides in 















cells filled with small lipid droplets, the whole cells were light red, showing signs of 
increased carbohydrate and strong metabolic activity in the tapetum cells. Fertile 
anther at late microspore stage, much lipid droplets distributed in the tapetum cells of 
fertile anthers. Then the bicellular pollen began to accumulate abundant carbohydrate, 
preparing for the subsequent formation of starch grains. The lipid droplets of tapetum 
cells had disappeared, and there was no polysaccharide distribution in cells at late 
microspore. The tapetum cells of bicellular pollen stage had completely degradated. 
At mature pollen stage, the pollen accumulated a large number of starch grains. Only 
two layers cells-epidermis and endothecium existed. However, sterile anther at early 
microspore, pollen wall was stained redly, and developed incompletely, with sparse 
cytoplasm, and without lipid droplets distribution in the cell. Only some 
polysaccharides existed in tapetum cells of sterile anthers at the early microspore, and 
without lipid droplets accumulation, implying that the abnormal lipids transformation 
by tapetum cells of sterile anthers, which did not transform the absorbed nutrients into 
the necessary lipids that microspore development needed, causing the microspore not 
form complete pollen wall, affecting the normal growth and development of 
microspore, and finally, resulting in pollen abortion. As microspores abortion, they 
can not absorb and use the nutrients secreted by tapetum, the middle layer and 
tapetum cells of sterile anthers still retained until flowering. 
Ⅱ The distribution of Ca2+ during the anther development in PGMR 
The distribution of Ca2+ during the development of fertile anthers were as 
follows: (1) The calcium precipitates of anther wall increased specifically before the 
three stages-meiosis, the microspore tetrads released to form pollen exine, and 
unequal division at late microspore, however, the calcium precipitates of anther wall 
reduced significantly after meiosis, microspore formed a complete exine, and  
microspore divided to form bicellular pollen. The distribution of calcium in anther 
walls showed that, pollen chamber transferred calcium to anther chamber for 
microspore development needed by anther wall cells, Ca2+ as a metabolite that 
involved in regulation of anther development, and had close relationship with 















number of calcium precipitates distributed on the extine from early microspore to 
bicellular pollen stage. At bicellular pollen stage, pollen formed intine near the extine, 
and some small calcium precipitates distributed in intine, suggesting that Ca2+ might 
be involved in the synthesis of intine and extine. When pollen came to maturity, a 
large amount of calcium precipitates accumulated outside the extine and germination 
pore, which might be used for the pollen tube germination and growth. (3) At early 
stage of bicellular pollen, the number of calcium precipitates in the generative cell 
was less than that in the vegetative cell, it was speculated that Ca2+ may play an 
important role in regulating the vegetative cell and reproductive cell differentiation 
and the subsequent development pathway. (4) At the mother cell stage, the connective 
vascular began to differentiate the vessel cell, had been a large number of calcium 
granules gathered in anther vascular tissue during the whole development process 
from microspore mother cell meiosis to the bicellular pollen stage. At bicellular pollen 
stage, calcium precipitates in the anther vascular increased, and at the pollen maturity 
stage, a large number of calcium precipitates still gathered in anther vascular, however, 
the number was less than that at bicellular pollen stage. Combined with syngenetic 
succession of calcium precipitates in the anther wall cells, calcium precipitates 
distribution on the surface of Ubisch body and degradation of tapetum, we consider 
that Ca2+ needed by pollen may be transported by vascular tissues and vessel cells to 
anther wall tissues, then arrived at tapetum, furthermore, transferred to anther 
chamber by Ubisch body, and then gathered on the surface of pollen or into the 
cytoplasm to regulate pollen development. 
The distributions of Ca2+ during the development of sterile anthers were as 
follows: the distribution of calcium precipitates in the sterile anthers and fertile 
anthers had little difference before meiosis. And the sterile anthers formed abnormal 
linear tetrad after meiosis. After microspores were free from tetrads, differences 
increased gradually: Firstly, exine outside the microspore membrane was composed of 
granular sporopollenin, with discrete single-layer structure, secondly microspore 
nuclear membrane was incomplete, there were no small vacuoles in the cytoplasm, a 
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